Abstract
Introduction
Obvious interactions take place between humans and their surroundings (environment) -on one hand, people develop the environment while on the other, the environment has a consistent influence on them. In the last decades of the 20 th century, there was an increase in the number of people diagnosed with chronic allergic disorders, dermatology diseases or respiratory diseases. Therefore, the researchers started to discover the impact of the place of residence and external https://doi.org/10.15414/isd2018.s4.12 environment on human health. Due to significant, increasingly stronger negative health effects of environmental pollution in Europe, at the 1994 Helsinki conference, the World Health Organization adopted the European Environment and Health Action Plan (World Health Organization, 1994) setting out the frameworks for the development and implementation of national and local environment and health action plans (including in Poland). Today, various strategic documents (whether local, regional or national) include frequent references to the sustainable development paradigm. In that context, it seems that particular importance should be attached to actions aimed at improving the population's health. Human health and healthcare delivered in human environment are the basic indices of the standards of living.
The purpose of this paper is an attempt to show the relationships between the level of sustainable development of Western Poland districts and the material and human resources of healthcare. Due to multidimensional nature of the categories under consideration, a canonical analysis was performed. The main criterion for selecting the variables was their completeness and availability for all items under consideration in 2015. The source of data related to specific subsystems of sustainable development was the Local Data Bank of the Central Statistical Office.
The essence of public health in the context of sustainable development
Nowadays, activities consistent with the sustainable development concepts have become one of the main priorities for European countries and for specific local government units. In this context, note that according to "A Sustainable Europe for a Better World: A European Union Strategy for Sustainable Development" (Commission of The European Communities, 2001) adopted in 2001 in Gothenburg, "economic growth, social cohesion and environmental protection must go hand in hand". A milestone for sustainable development was the UN Conference on Environment and Development organized in Rio de Janeiro in June 1992. An important outcome of the Earth Summit was AGENDA 21, a document setting out the directions for actions promoting sustainable development. From the perspective of these considerations, it is important to note that a separate chapter (Chapter 6. Protecting and Promoting Human Health) of that document was dedicated to health (environmental) issues. It was assumed that actions under AGENDA 21 must address the primary health needs of the world's population, since they are integral to sustainable development ("health and development are intimately interconnected"). The basic objectives included: meeting primary health care needs, particularly in rural areas; control of communicable diseases;
protecting vulnerable groups (particularly infants, youth, women, indigenous people and the very poor); meeting the urban health challenge; reducing health risks from environmental pollution and hazards (United Nations, 1992).
In accordance with the classic definition of health adopted in 1946 by the World Health Organization (WHO) "health is a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity" (World Health Organization, 1946). Meanwhile, public health is defined as "the art and science of preventing disease, prolonging life and promoting health through the organized efforts of society" (World Health Organization, Regional Office for Europe, 2014). The essential public health functions include (PAHO/WHO, 2008): monitoring, evaluation and analysis of health status; surveillance, research, and control of the risks and threats to public health; health promotion; social participation in health; development of policies for public health planning and management; strengthening of public health regulations; evaluation and promotion of equitable access to necessary health services; human resources development and training in public health; quality assurance in health services; research in public health; reduction of the impact of emergencies and disasters on health. The identification of the environmental conditions' impact on the population's health contributed to identifying a new field of public health: environmental health. As defined by the World Health Organization in 1993, "Environmental health comprises of those aspects of human health, including quality of life, that are determined by physical, chemical, biological, social, and psychosocial factors in the environment. It also refers to the theory and practice of assessing, correcting, controlling, and preventing those factors in the environment that can potentially affect adversely the health of present and future generations. " (after: Gosselin et al., 2001 ). According to the definition by NEHA (National Environmental Health Association), environmental health means protection against environmental agents that may adversely affect human health or ecological balance, as necessary for ensuring human health and quality of the (natural and man-made) environment in the long term (after: Spellman & Stoudt, 2013 It is very clear that the above definitions of "environmental health" include both elements of the classic definition of health and a reference to inter-generative justice and sustainable development. Therefore, it seems justified to analyze the relationship between levels of sustainable development of specific local government units and the material and human resources of the population's healthcare system. In this context, note that in May 1998, based on the abovementioned AGENDA 21, the WHO Regional Office for Europe created a document named "Health 21: health-for-all policy for the twenty-first century". According to its assumptions, "the improvement of the health and well-being of people is the ultimate aim of social and economic development" and "good health is fundamental to sustainable economic growth. Intersectoral investment for health (...) has wider benefits, contributing in the long term to overall economic and social development. Investment in outcome-oriented health care improves health and identifies resources that can be released to meet the growing demands on the health sector" (World Health Organization, 1998, p. 4-8).
Data and Methods
The canonical analysis covered 112 districts (14 municipal districts and 98 land districts) included in two territorial units for statistics (NUTS 1), i.e. the south-western macro-region (Dolnośląskie and Opolskie voivodeships) and the north-western macro-region (Lubuskie, Wielkopolskie and Zachodniopomorskie voivodeships). As at the end of 2015 3 , that territory had a population of 10 104 098 and an area of 96 065 sq. km (over 30% of the country's total area). In the territory under consideration, the Sulęcin district (with a population of 35 596) and the city of Wrocław (635 759) are the last and the first district by population, respectively. The Poznań district (1 900 sq. km) and Leszno district (32 sq. km) have the largest and smallest area, respectively.
As a result of a relevant and formal 4 analysis of variables, 41 sub-indicators were proposed which reflect the levels of sustainable development split into 4 dimensions (cf. Borys, 2011; Central Statistical Office, 2011): the environmental dimension: E1: municipal and industrial wastewater treated vs. total volume of wastewater; E2: share of population served by treatment plants in the total population; E3: afforestation rate; E4: particulate matter emissions by particularly noxious plants per 1 sq. km; E5: emission of gaseous pollutants by particularly noxious plants per 1 sq. km; E6: area of walking and leisure parks per 1 sq. km; E7: share of green areas in the total area; E8: water consumption per capita; E9: share of recycled waste in the total annual volume of waste; the social dimension: S1: population density; S2: population growth rate per 1000 population; S3: infant deaths per 1000 live births; S4: graduates of junior high schools per 1000 population; S5: share of dwellings equipped with central heating; S6: share of dwellings served by gas networks; S7: number of books per 1,000 population; S8: library members per 1000 population; S9: population per library; S10: population per cinema seat; S11: number of dwellings per 1000 population; S12: number of kindergarten pupils per 1000 children aged 3 to 5; S13: number of passenger cars per 1000 population; S14: traffic accidents per 100000 population; the economic dimension: G1: employees per 1000 population; G2: share of employees in the working-age population; G3: hard-surfaced municipal roads in the district per sq. km; G4: sewage network length per sq. km; G5: water supply network length per sq. km; G6: share of commercial enterprises in the total number of operators registered in the REGON system; G7: permanent marketplaces per 1000 population; G8: hotel beds per 1,000 population; G9: social foundations, organizations and associations per 1,000 population; G10: industrial output sold per capita 5 ; G11: CAPEX in enterprises per capita; the institutional dimension: I1: district's budget income per capita; I2: expenditure per capita; I3: sports expenditure per capita; I4: housing management expenditure per capita; I5: culture and national heritage protection expenditure per capita; I6: education expenditure per capita; I7: share of municipal councilors with a tertiary education degree. 4 The relevant criterion means the diagnostic features must capture the most important (rather than marginal) properties of objects covered by the analysis, must be unequivocally and strictly defined, and logically interrelated. In turn, the formal criterion requires that the diagnostic features be measurable so as to enable expressing their level numerically, cf. Podogrodzka, 2011. 5 The data relates to enterprises and operators with more than 9 employees.
Considering the data completeness and availability criterion, 6 variables were used to assess the concentration of material and human healthcare resources in specific districts: H1: primary health centers per 10000 population; H2: medical practices per 10000 population; H3: population served by 1 pharmacy; H4: doctors per 10000 population; H5: nurses and midwives per 10,000 population; H6: general hospital beds per 10000 population.
To present the dependencies between the sets of variables describing the level of sustainable development of Western Poland districts and the material and human healthcare resources, a canonical analysis was performed. The use of an "ordinary correlation analysis" (e.g. Pearson correlation formula) between pairs of variables seems insufficient as it fails to address the relationships inside the sets of explained and explanatory variables. The canonical analysis means multiple linear regression generalized for two sets of variables, and enables answering the following question: what is the extent of a simultaneous impact of the entire set of independent variables on the entire set of dependent variables? With the canonical analysis, the assessment of dependencies between two initial sets of variables boils down to analyzing the relationships between two new types of variables (referred to as canonical variables) which are weighted sums of the first and second set. The weights are selected so that the two weighted sums are maximally correlated with each other. Thus, the canonical analysis transforms the vectors of initial variables into new generated vectors of canonical variables so as to maximize their mutual correlation (Tadusiewicz et with: R xx -correlation matrix for explained variables; R yy -correlation matrix for explanatory variables; R xy -correlation matrix for both types of variables; w x , w y -weights for first-type and second-type canonical variables; r l -canonical correlation coefficient.
Maximum correlation is sought based on the indeterminate Lagrange multipliers method.
Results and Discussion
In both analyzed sets, fragmentary variables taken into account are indicative, rather than values of absolute character. In addition to the relevant and formal criterion, purely statistical criteria were also used when selecting the variables. An assumption was adopted that the features with a coefficient of variation below the critical threshold value of 10% (fixed arbitrarily) will be eliminated from the set of potential variables. Beside variation, an important criterion for the selection of variables is their mutual correlation (the capacity criterion). As two highly correlated variables deliver similar information, it is recommended to eliminate one of them. To verify the information value, the inverse correlation matrix (a method for the discrimination of features depending on the correlation matrix entries) was used. The inverse correlation matrix was calculated for each thematic subgroup of potential diagnostic variables. As the next step, where necessary, the variable with the highest diagonal entry, above the threshold set arbitrarily (15), was eliminated. The set of diagnostic features referring to the sustainable development levels of Western Poland districts was reduced because of low differentiation degree by eliminating E1 and S5. Also, considering the capacity criterion, G2 and I2 were eliminated. Other variables (in both sets under consideration) were used in further steps of the analysis because of their high discriminative and information capacity.
One of the main requirements imposed by methods of multidimensional statistical analysis on diagnostic variables is their comparability. Therefore, the variables were normalized with the use of the classical standardization procedure.
The first step of the canonical analysis is to identify the canonical weights for the first pair of variables which contributes the most to explaining the relationships between the sets of explained and explanatory variables. All canonical variables are generated as pairs which are then ordered by value of canonical correlation in descending order. Because canonical variables of a specific type are not mutually correlated, the sum of squared canonical correlation coefficients for all pairs of variables considered shows the extent to which the variation of explained variables are explained by explanatory variables.
The canonical analysis requires that the variables follow a normal distribution. The normality of the distribution of sub-variables considered was assessed based on normal distribution graphs and the Shapiro-Wilk test. If some variables fail to follow the normal distribution, the Box-Cox transformation is used to make an approximation of the normal distribution.
The starting point for the proper canonical analysis is to determine the values of canonical weights which, as mentioned earlier, are set so as to maximize the correlation between subsequent pairs of canonical variables. The number of all canonical variables is equal to the minimum number of variables in any of the analyzed sets (in this case, 6). It is important to clearly specify the number of first pairs of canonical variables to be used in the in-depth analysis. For that purpose, the Wilks' Λ (Wilks' lambda) significance test of canonical correlation was used. To verify the significance of pairs of canonical variables, the test statistic may be used for a set of s-k variables as per the following formula (Panek & Zwierzchowski, 2013):
with: s -number of canonical variables. The test statistic follows the Wilks' Λ probability distribution with the following number of degrees of freedom: Source: own study based on the Local Data Bank of the Central Statistical Office.
Based on the critical value of the significance level, only three canonical variables were addressed in the further steps of this analysis (at the significance level of 0,05, there are grounds for rejecting the null hypothesis on the absence of co-variability between the two sets).
The calculated canonical weights reflect the specific contribution of each sub-variable to the weighted sums (canonical variables). As the absolute value of the weight grows, so does the (positive or negative) contribution to the generation of a canonical variable. The weights are interpreted similarly to the estimated beta coefficients in the multiple regression model which enable comparing the significance of predictors. For the first canonical variable, S13 and H3 have the highest (absolute) weights of 0,4341 and -0,4763, respectively. Therefore, it may be assumed that the correlation between the number of passenger cars per 1000 population and the population served by 1 pharmacy contributed the most to the creation of that canonical variable. In turn, S13 and H5 (nurses and midwives per 10000 population), and I1 (district's budget income per capita) and H4 (doctors per 10000 population) contribute the most to the second and third statistically significant canonical variable, respectively.
Also, the canonical analysis determined the load factor loadings and redundancies which provide valuable information on the sets of variables under consideration. Factor loadings are assimilated to correlation between canonical variables and the variables in each set. As assumed, the higher is the factor loading of a variable, the greater is the importance to be assigned to it when interpreting the model(s) of relationships between the sets covered by the analysis. In the set of variables referring to the sustainable development level of districts, as regards the first canonical variable, the highest factor loading is demonstrated by variable I6 (education expenditure per capita). As regards the second canonical variable, the decisive canonical loading is brought by variable S13 (number of passenger cars per 1000 population). In turn, as regards the third (last) statistically significant canonical variable, the highest factor loading is brought by variable G11 (CAPEX in enterprises per capita). In the second set of variables, the highest factor loading for the first two canonical variables is demonstrated by variable H5 (nurses and midwives per 10000 population); as regards the third canonical variable, the highest factor loading is carried by variable H4 (doctors per 10000 population). In the analysis, for each statistically significant canonical variable, the mean square factor loadings were calculated: these are the variance extracted values which specify the percent of variance of input variables explained by the canonical variables concerned. By multiplying the mean square factor loading by canonical correlation squared, the redundancy index is calculated. It specifies the amount of mean variance in a set explained by a canonical variable with another specific set of variables, and takes the following form: or
with: λ l -characteristic root of the matrix of squared canonical correlations.
From the perspective of these considerations, it should be noted that variance extracted indexes and total redundancy indexes are usually interpreted as the determinants of the correlation degree between two formulas. As shown by the calculations, the first canonical variable captures 47,40% of variance in the set of variables reflecting the saturation level of material and human healthcare resources in districts, and 20,56% of variance in the second set under consideration. The second canonical variable captures 8,51% of variance in the set of healthcare variables, and 4,12% in the set of variables describing the levels of sustainable development. The third canonical variable explains 7,11% of variance in the first set and 5,94% of variance in the second set. As regards the set of input variables reflecting the sustainable development levels of Western Poland districts, 39,77%, 5,58% and 4,36% of variance (respectively) in the set of variables referring to material and human healthcare resources may be explained. In turn, as regards the set of input healthcare variables, 17,25%, 2,70% and 3,64% of variance of the second set is explained based on the first, second and third statistically significant canonical variable, respectively.
As shown by the calculations, the first canonical variable captures 47,40% of variance in the set of variables reflecting the saturation level of material and human healthcare resources in districts, and 20,56% of variance in the second set under consideration. The second canonical variable captures 8,51% of variance in the set of healthcare variables, and 4,12% in the set of variables describing the levels of sustainable development. The third canonical variable explains 7,11% of variance in the first set and 5,94% of variance in the second set. As regards the set of input variables reflecting the sustainable development levels of Western Poland districts, 39,77%, 5,58% and 4,36% of variance (respectively) in the set of variables referring to material and human healthcare resources may be explained. In turn, as regards the set of input healthcare variables, 17,25%, 2,70% and 3,64% of variance of the second set is explained based on the first, second and third statistically significant canonical variable, respectively. The next step was the calculation of total redundancy, interpreted as the mean percentage of variance explained in a set of variables with a specific second set based on all canonical variables. As shown by the calculations, knowing the values of variables describing the saturation level of material and human healthcare resources in districts, 25,48% of variance of variables from the set referring to sustainable development levels may be explained. Based on the above, it may be concluded that over one quarter of variation related to sustainable development levels of Western Poland districts is determined by sub-variables taken into consideration which refer to material and human healthcare resources. Note the extremely high and, most importantly, highly statistically significant (see Table 1 ) values of canonical correlations. However, that index is interpreted otherwise than the "ordinary" correlation coefficient; this value specifies the correlation between weighted sums in each set, with weights being calculated for subsequent canonical variables (to what degree was it possible to maximally correlate the corresponding pairs of canonical variables). The correlation coefficients for statistically significant canonical variables were above 0,78. This means the model used provides a good description of both datasets.
Conclusion
Because of the multifaceted nature of categories under consideration, a multidimensional explorative technique (canonical analysis) was used to identify the statistical relationships between them. The calculations resulted in identifying three statistically significant canonical variables. The correlation between the number of passenger cars per 1000 population and the population served by 1 pharmacy contributed the most to the creation of the first canonical variable. The sub-variable related to the number of cars, together with the variable referring to the number of nurses and midwives per 10000 population, contributed the most to the specification of the second canonical variable. In turn, the variables related to the district's budget income per capita and the number of doctors per 10000 population contributed the most to the creation of the last statistically significant canonical variable. The resulting canonical analysis models provided grounds for the redundancy analysis. Based on that, it may be concluded that knowing the values of variables describing the saturation level of material and human healthcare resources in districts, 25,48% of variance of variables from the set referring to sustainable development levels may be explained. In other words, one quarter of variation related to sustainable development levels of Western Poland districts is determined by the sub-variables taken into consideration which refer to healthcare resources. Note also that the calculated values of canonical correlation coefficients were high, ranging from 0,78 and 0,92 in the case of statistically significant canonical variables.
To conclude, it should be emphasized that an "ordinary" correlation analysis or regression analysis would be insufficient due to multifaceted nature of processes under consideration. Thus, when addressing socio-economic issues, it becomes important to promote the use of multidimensional explorative techniques, including the canonical analysis, to assess the relationships between multifaceted categories.
